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Description 
Bearing device 



Technical Field 

The present invention relates to a bearing device, and 
more particularly to a bearing device in which a lubricant 
storing tank, a pump, and a driving portion for the pump 
are disposed as a unit. 

Background Art 

Conventionally, a lubricant supply unit (lubricating 
device) which supplies a very small amount of lubricant to 
a rolling bearing has been proposed (see Japanese Patent 
Publication (Kokai) No. 2002-130593) . In the lubricant 
supply unit, a tank is disposed distantly from a position 
where the rolling bearing is disposed, a nozzle is disposed 
so as to face a space between an inner ring and an outer 
ring of the rolling bearing, and the tank and the nozzle 
are connected together via a lubricant supply path. 

The prior art lubricant supply unit is required to be 
disposed as a unit separate from the rolling bearing, and 
hence its installation is troublesome. By contrast, a con- 
figuration in which a lubrication pvaap for discharging lu- 
bricant is disposed inside a rolling bearing (see Japanese 



Hifrp 



Patent Publication (Kokai) No. HEI3-113119) . 

As a bearing device in which lubricant is automati- 
cally supplied to a rolling bearing, a bearing device which 
is to be used in a spindle of a machine tool is known. As 
shown in Fig. 10, an example of such a bearing device is 
configured by: a lubricant storage chamber 23 which teznpo- 
rarily stores lubricant supplied from a Ixabricant tank 21 
to a rolling bearing 20 by a pump 22; a diaphragm 24 which 
is disposed in the lubricant storage chamber 23; a nozzle 
25 which is formed in a portion excluding the diaphragm 24; 
and a piezoelectric element 26 which applies vibrations to 
the diaphragm 24 so as to fluctuate the pressure of the lu- 
bricant storage chamber 23. According to the configura- 
tion, the lubricant is supplied to a rolling element 27 and 
raceway surfaces 20a, 20b of inner and outer rings of the 
rolling bearing 20 via the nozzle 25 (see Japanese Patent 
Publication (Kokai) No. 2002-213687). 

Alternatively, as a bearing device which is sdLmilarly 
to be used similarly in a machine tool, a bearing device 
configured so that a larger amount of lubricant is supplied 
when the temperature of a bearing is raised has been pro- 
posed. As shown in Fig. 11(A), the bearing device com- 
prises: a spacer 34 which is fitted onto a rotating shaft 
31 adjacently to a bearing inner ring 32 fitted onto the 
rotating shaft 31; and a lubricant supplying mechanism 30 



which supplies lubricant 6 into a space Q between an outer 
ring 33 and the inner ring 32. The liabricant supplying 
mechanism has: a lubricant chamber 36 disposed in the 
spacer 34; a lubricant flow path 35 through which the lu- 
5 bricant G is supplied from the lubricant chamber 36 to the 
space Q; a lubricant discharging hole 37; and a lubricant 
supplying groove 38. The lubricant chamber 36 comprises a 
lubricemt chamber internal pressure adjusting mechanism 39 
which is communicatable with or not communicated^le with the 
1 0 atmosphere . 

The lubricant chamber internal pressure adjusting 
mechanism 39 is configured by: an atmosphere introducing 
hole 42 which communicates with the lubricant chamber 36 
via an atmosphere introducing groove 40 to equalize the in- 
15 ternal pressure of the lubricant chamber 36 with the atmos- 
pheric pressure; and a tab 41 which is made of a shape- 
memory alloy, and which normally closes the atmosphere in- 
troducing hole 42 so as to hermetically seal the lubricant 
chamber 36, and which, when the temperature is raised, de- 
20 forms so as to cause the atmosphere introducing hole 42 to 
communicate with the atmosphere (see Japanese Patent Pxibli- 
cation (Kokai) No. 2002-250352). Fig. 11(B) is an enlarged 
view taken along the line M-M in Fig. 11(A) , looking in the 
direction of the arrows. 
25 In the prior art example disclosed in Japanese Patent 



Publica'bxon (Kokai) No. HEI3-113119, tiie lubricant pump is 
a vane pump, and has a large external size. Therefore, the 
size of the rolling bearing is inevitably made larger, and 
it is necessary to ensure a pump mounting area in the outer 
ring of the rolling bearing. Accordingly, there is a fear 
that the cost is increased. In addition, a tank for stor- 
ing the lubricant must be disposed outside the rolling 
bearing . 

In a conventionally proposed bearing device in which 
lubricant is supplied, a lubricant suj^lying device is dis- 
posed externally, and a spacer is disposed on the side of 
the inner ring in addition to the inner ring, so that the 
required space is large as a whole. Therefore, downsizing 
thereof is limited. In order to solve such problems, the 
assignee of the present invention has proposed a rolling 
bearing device in which lubricant is supplied to rolling 
elements, or raceway surfaces of a stationary race ring and 
a rotating race ring on the side of the stationary race 
ring of the rolling bearing (see Japanese Patent Applica- 
tion No. 2002-267838). 

In the rolling bearing device, a lubricant supply unit 
which supplies lubricant as necessary to the rolling ele- 
ments, or the raceway surfaces of the stationary and rotat- 
ing race rings is additionally disposed on the side of the 
stationary race ring of the rolling bearing. The lubricant 



supply uni^ coiaprises: a tank which stores lubricant: ; a mi- 
cro pun^ which sucks and discharges the lubricant in the 
tank; and a driving portion (electric generator) which 
drives the micro pump. In the configuration, however, a 
5 magnet and a coil for the generator must be mounted, and 
hence there are severe restrictions on the space. Thus, it 
is difficult for the current configuration to be applied to 
a bearing of a smaller size. In addition, in order to make 
it possible to be applied to a bearing of a smaller size, 

10 it is necessary to provide a bearing device in which the 
size of the unit is further reduced, and the supply amount 
of lubricant can be adjusted so as to automatically supply 
the lubricant for a long term. 

The invention has been conducted in order to solve the 

15 above-discussed problems. It is an object of the invention 
to provide a bearing device in which a lubricant supply 
unit to be attached to a bearing is compact and slim, so 
that it can be mounted on a bearing of a smaller size and 
lubricant can be automatically supplied for a long team. 

20 

Disclosure of the Invention 

The bearing device according to the invention is a 
bearing device comprising a plurality of raceway members 
which perform relative motion, and characterized in that a 
25 lubricant supply unit body which supplies liibricant as nec- 



essary is addi'bi.onally disposed between opposed faces of 
the raceway m^nbers, and the lubricant supply unit body 
comprises a pump which discharges the lubricant, and a 
driving portion which drives the pump. 
5 As described above, the lubricant supply unit body is 

additionally disposed in the bearing device, and hence the 
lubricant supply unit can be easily mounted. In addition, 
the bearing device can be made more compact. The lubricant 
supply unit body supplies lubricant to the bearing device 

10 as necessary. Consequently, there is not any waste such as 
that lubricant is supplied in an unnecessary occasion. 
Thus, it is possible to contribute to the long-term stabi- 
lization of the rolling property. 

Moreover, the bearing device is characterized in that 

15 the driving portion for the pximp is an electric generator 
having a power generating capacity according to the rota- 
tional speed of a bearing, and an amount of lubricant dis- 
charged by the pump is controlled in accordance with the 
power generating capacity of the electric generator. 

20 In the case where the driving portion is an electric 

generator having a power generating capacity according to 
the rotational speed of the bearing, the amount of lubri- 
cant discharged by the pump can be controlled in accordance 
with the power generating capacity of the electric genera- 

25 tor. When the amount of Itibricant discharged by the pump 
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xs con'brolled ±n accordance wit:h t:he rcbational speed of 
1:he bearing device as described above, an appropriate 
amount of lubricant: can be supplied, and excess and defi- 
cient s*bat:es can be eliminated. 
5 Moreover, the bearing device Is characterized In that 

the driving portion for the pump Is a battery. 

Furthermore, the bearing device Is characterized In 
that the battery Is a fuel cell. 

Moreover, the bearing device Is characterized In that 
10 the lubricant supply unit body comprises storing means from 
which hydrogen for the fuel cell can be taken out. 

In the above-mentioned means, the fuel cell can drive 
a functioning element (pump) for a longer time as compared 
with a primary battery or a secondary battery having the 
15 same size, so that automatic operation for a long tera can 
be realized. 

Moreover, the bearing device Is characterized In that 
the lubricant supply unit body comprises a lubricant stor- 
ing tank. 

20 Furthermore, the bearing device Is characterized In 

that the plurality of raceway members and the lubrlcemt 
supply unit body have a ring-like shape and are disposed 
coaxial ly. 

In this configuration, since the unit body has a rlng- 
25 like shape and Is disposed coaxlally with the raceway mem- 



bers, the entire bearing to which the unit body Is attached 
can be made to have the same shape as the ring- like raceway 
member. Thus, the bearing device can be Incorporated In 
the same space as that for a usual bearing device, and the 
5 degree of freedom In apparatus design Is enhanced. 

Moreover, the bearing device Is characterized In that 
the plurality of raceway members are a rolling bearing com- 
prising an Inner ring, an outer ring, and rolling elements. 
Hext, the bearing device Is characterized In that the 

10 lubricant supply unit body comprises a sensor which detects 
a lubrication condition between the opposed faces of the 
plurality of raceway members, and the pump Is functionally 
controlled based on a detection output from the sensor. 

Moreover, the bearing device Is characterized In that 

15 the lubricant supply unit body Is detachably attached to a 
vicinity of a shoulder portion of a circumferential face of 
a stationary- side raceway member which Is oj^osed to a ro- 
tating raceway member. 

Furthermore, the bearing device Is characterized In 

20 that the raceway member Is a bearing comprising: outer and 
Inner rings each having a raceway surface; rolling elements 
and a seal ring which are disposed between the rings, and 
at least the pump, the driving portion for the pump, and 
the lubricant storing tank are formed In a unit as the lu- 

25 brlcant supply unit body, and the lubricant supply unit 



body xs datochably a'b'tached a vicinx'ty of a shoulder 

portion of an inner circumferential face of the outer ring 
or an outer circumferential face of the inner ring, or to 
an inner side face of the seal ring. 
5 Moreover, the bearing device is characterized in that 

the punqp is a diaphragm puxnp comprising a piezoelectric 
element and a diaphragm which is displaced in a reciprocat- 
ing manner by the piezoelectric element. 

Moreover, the bearing device is characterized in that 

10 the pump comprises a miniature motor, in place of the pie- 
zoelectric element. 

Moreover, the bearing device is characterized in that 
the lubricant- storing tank is detachably attached to an 
outer face of the seal ring, and the driving portion and 

15 the punip are additionally disposed on an inner face of the 
seal ring . 

According to the configuration, when the lubricant of 
the lubricant storing tank is deficient, lubricant can be 
resupplied to the lubricant storing tank without detaching 
20 the seal ring, or the tank itself can be exchanged to an- 
other new one. 

Furthermore, the bearing device is characterized in 
that the sensor is a temperature sensor, the temperature 
sensor is attached to a vicinity of raceway portions of the 
25 raceway members, and an amount of lubricant discharged by 
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the pump is controlled by controlling means based on a de- 
tection output of the temperature sensor. 

Moreover, the sensor may be a temperature sensor, a 
pressure sensor, or a sensor which detects suspended parti- 
cles such as mist or dust for the annular space between the 
raceway members, a vibration sensor which senses vibrations 
caused by lubrication failure, a sensor which senses AE 
(Acoustic Emission) generated in conjunction with a damage 
of the bearing constituting members caused by lubrication 
failure, and the like. The relationships between output 
values of these sensors (measured values such as the tem- 
perature, the pressure, or the distribution of particles) 
and the lubrication condition may be previously obtained, 
the lubrication condition may be predicted from measured 
values of the sensors, and the pump may be controlled in 
accordsmce with a result of the prediction. 

According to the means, the lubrication condition of 
the interior of the bearing can be sensed, and hence the 
lubrication can be appropriately controlled while monitor- 
ing the condition of Itibricant. 

Brief Description of the Drawings 

Fig. 1 is a section view showing an upper half of a 
bearing device of a first embodiment of the invention. 

Fig. 2 is a side view of the bearing device of Fig. 1. 



Fig. 3 Is a section view showing a s'bructure for cou- 
pling a 'bank with a micro pxunp in the bearing device of the 
first embodiment of the invention. 

Fig. 4 is a section view showing the configuration of 
a bearing device of a second embodiment of the invention, 
looking in a direction perpendicular to the axial direction. 

Fig. 5 is a section view taken along the line A-A in 
Fig. 4 looking in the direction of the arrows, and showing 
part of the configuration of the bearing device of the sec- 
ond embodiment of the invention. 

Fig. 6 is a section view taken along the line B-B in 
Fig. 4 looking in the direction of the arrows, and showing 
part of the configuration of the bearing device of the sec- 
ond embodiment of the invention. 

Fig. 7 is a section view taken along the line C-C in 
Fig. 4 looking in the direction of the arrows, and showing 
part of the configuration of the bearing device of the sec- 
ond embodiment of the invention. 

Fig. 8 shows the configuration of the bearing device 
of the second embodiment of the invention, in which Fig. 
8(A) is a partial plan view of a battery, a pump, and a 
tank portion for storing lubricant which constitute a unit 
body of the bearing device of the invention, and Fig. 8(B) 
is a front view thereof. 

Fig. 9 is a section view showing the configuration of 
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a third enbodimenl: of the bearing device of the invention, 
looking in a direction perpendicular to the axial direc- 
tion. 

Fig. 10 is a view showing the configuration of a prior 
5 art bearing device comprising a lubricant storing tank and 
a supply device. 

Fig. 11(A) is a view showing the configuration of a 
prior art bearing device conprising a lubricant chamber and 
a mechanism which supplies lubricant from the chamber, and 
10 Fig. 11(B) is an enlarged view taken along the line M-M in 
Fig. 11(A), looking in the direction of the arrows. 

Best Mode for Carrying Out the Invention 

Hereinafter, specific embodiments of the invention 
15 will be described. Figs. 1 to 3 show a first embodiment of 
the invention. In the figures, 1 denotes an inner ring, 2 
denotes an outer ring, 3 denotes a plurality of balls serv- 
ing as rolling elements, 4 denotes a cage, and 5, 5 denote 
seal rings . 

20 The illustrated bearing device is a bearing which is a 

rolling bearing, and which is called a deep groove ball 
bearing. In the bearing device, the plurali^ of balls 3 
serving as a plurality of rolling elements are interposed 
between raceway grooves la, 2a disposed in the inner and 

25 outer rings 1, 2 serving as a plurality of raceway members. 
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and tiie plurali'ty of balls 3 are held by 4:he cage ring 4 
which Is called a pressed cage. In the bearing device, 'the 
outer ring 2 Is a ste'tlonary race ring, and the Inner ring 
1 Is a rotating race ring. The seal rings 5, 5 are at- 
5 tached to both shoulder portions of an Inner circumferen- 
tial face of the outer ring 2 serving as the stationary 
race ring, and are In contact with both shoulder portions 
of an outer circumferential face of the Inner ring 1 serv- 
ing as the rotating race ring, so as to close openings of 

10 both ends in the axial direction of an annular space where 
the Inner and outer rings 1, 2 are opposed to each other. 

The embodiment Is characterized In that, a unit body 7 
(lubricant supply unit body 7) Is attached to the Inner 
side of one of the seal rings 5 In the opposed annular 

15 space. The lubricant supply unit body 7 comprises a tank 
8, an electric generator 9, and a primp (micro pump) 10 hav- 
ing a driven portion. In conjunction with the rotation of 
the Inner ring 1, the electric generator 9 generates elec- 
tric power to drive the puxnp 10, thereby supplying lubrl- 

20 cant In the tank 8 little by little to a space between the 
opposed faces of the Inner and outer rings (to the vicinity 
of a raceway groove 2a of the outer ring 2 and the balls 
3) . 

The tank 8 Is formed by a hollow euinular member for 
25 storing lubricant, and bonded to the Inner face of the seal 



ring 5. The tMk 8 may no^ have an annular shape, but: may 
be formed by a segmental annular member disposed in a pre- 
determined angular area on a circle. 

The electric generator 9 is configured by a stator 9a 
5 which is bonded to the inner face of the tank 8, and a ro- 
tor 9b which is formed integrally on one shoulder portion 
of the outer circumferential face of the inner ring 1. The 
rotor 9b is formed in such a manner that the inner ring 1 
is used as a body, and N poles and S poles are alternately 

10 magnetized at regular intervals of the circle. Alterna- 
tively, a magnetization ring which is formed in such a man- 
ner that N poles and S poles are alternately magnetized at 
regular intervals of the circle, or the like may be at- 
tached to a predetermined position of the outer circximfer- 

15 ential face of the inner ring 1. 

As the pump 10, a diaphragm puinp or the like may be 
applied. For example, the diaphragm pump attains a puxnp 
function in the following manner. A diaphragm 12 serving 
as the driven portion is displaced in a reciprocating man- 

20 ner by a piezoelectric element 11, whereby lubricant in the 
tank 8 is sucked into a pump chamber 10c, and the lubricant 
is discharged from a nozzle 10a for discharging lubricant. 
The piezoelectric element 11 is energized by the electric 
generator 9. In place of the piezoelectric element 11, a 

25 miniature motor or the like may be used. The nozzle 10a of 
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the puinp 10 is directed te the vicinity of one end of the 
raceway groove 2a of the outer ring 2 , and the balls 3 . 

As shown in Fig. 3, the tank 8 and the micro piamp 10 
are coznniunicatingly coupled to each other in such a way 
5 that a nozzle 10b for sucking lubricant disposed in a side 
face of the micro pump 10 is fitted into a hole 8a for sup- 
plying lubricant disposed in a side face of the tank 8 via 
a rubber tube 14 • 

As described above, the tank 8 of the lubricant supply 

10 unit body 7 is attached to one of the seal rings 5, so that 
the tank 8 can be easily detached after the seal ring 5 is 
detached. Therefore, mounting and dismounting of the tank 
8 can be easily conducted, and the whole rolling bearing 
device can be made more compact. When the lubricant in the 

15 tank 8 is deficient, the tank 8 is detached together with 
the seal ring 5 . Then , lubricant can be resupplied into 
the t€mk 8, or the tank 8 itself can be exchanged with an- 
other new one. 

The electric generator 9 has a power generating capac- 
20 ity corresponding to the number of revolutions of the roll- 
ing bearing. In accordance with the power generating ca- 
pacity of the electric generator 9, the amount of lubricant 
discharged by the micro pump 9 is controlled. For example, 
in a region where the nusiber of revolutions of the inner 
25 ring 1 is low, a very small amount of lubricant is sprayed 



directly t,o the balls 3 and tdie vicinity of the raceway 
groove 2a of the outer ring 2, and, in a region where the 
nuxDber of revolutions is high, lubricant of an amount ac- 
cording the rotational speed is sprayed* 
5 In this way, in the above-described rolling bearing 

device, lubricant can be continuously suj^lied over a long 
term without producing excess and deficient states to the 
rolling area of the balls 3 of the rolling bearing, so that 
the rolling bearing device can contribute to the long-term 

10 stabilized condition of the rolling characteristic and the 
prolonged lifetime. 

The invention is not restricted to the above-described 
embodiment, and various applications and modifications can 
be considered. In the above-described ^nbodiment, although 

15 not shown in the figures, the tank 8 may be detachably dis- 
posed to the outer face of the seal ring 5, and the elec- 
tric generator 9 and the punrp 10 may be disposed on the in- 
ner face of 1:he seal ring 5. In this case, when the lubri- 
cant of the tank 8 is deficient, lubricant can be resup- 

20 plied to the 1:ank 8 or the tank 8 can be exchanged to an- 
other new one, without detaching the seal ring 5. 

In the above-described embodiment, for example, it is 
possible to control the discharging amount of Ixibricant by 
the pump 10 in accordance with the lubrication condition of 

25 the rolling bearing. The lubrication condition can be rec- 
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ognlzed based on, for example, the teinperature of the roll- 
ing bearing. Thus, a temperature sensor such as a thermo- 
couple may be attached to the vicinity of a raceway portion 
of the rolling bearing, auid the discharging amount of lu- 
5 bricant by the micro ptimp 10 can be controlled by a control 
circuit based on a detection output of the temperature sen- 
sor. The control circuit may be attached to the rolling 
bearing, or alternatively may be attached to a su^^orting 
portion which supports the rolling bearing, or to another 
10 portion. 

Although the bearing type of the rolling bearing is 
the deep grove ball bearing, the invention can be applied 
also to various other known types. The type of the cage 
ring 4 may be a machined cage, a cage xoade of a synthetic 
15 resin, or the like, in place of a pressed cage. 

Next , Figs • 4 to 8 show a second embodiment of the in- 
vention • 

Fig. 4 is a section view showing the configuration of 
the second embodiment of the bearing device of the inven- 

20 tion, looking in a direction perpendicular to the axial di- 
rection (a view along the line X-X looking in the direction 
of the arrows in Fig. 5 which will be described below) . 
Fig. 5 is a section view taken along the line A-A looking 
in the direction of the arrows in Fig. 4, Fig. 6 is a sec- 

25 tion view taken along the line B-B looking in the direction 
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of the arrows ±n Fig. A, and Fig. 7 is a section view taken 
along the line C-C looking in the direction of the arrows 
in Fig . 4 . 

The bearing device is configured by: an inner ring 1 
5 and an outer ring 2 which serve as ring-like members (race- 
way members) ; rolling elements (balls) 3 which are disposed 
at regular intervals in a circumferential direction of an 
annular space P between oj^osed faces of the outer and in- 
ner rings; a cage 4 which holds the rolling elements 3; 

10 seal rings 5, 5 which hermetically seal the annular space 
P; and a unit body 7 which is disposed on the side of ei- 
ther one of the seal rings 5, 5. 

The unit body 7 is configured by a battery 6, a tank 8 
for storing Itobricant, and a function body which is driven 

15 by the battery to function, for example, a pump (micro 
pump) 10. All of these components have an arcuate shape, 
and are coupled so as to constitute the ring-like unit body 
7. In this case, the pump 10 is arcuate. The pimip sucks 
lubriceuit from the arcuate tank 8 in which the diameter is 

20 substantially equal to that of the arc of the pump, and 
discharges the lubricant to a space between opposed faces 
of the raceway members (in directions toward the rolling 
elements (balls) 3 in the annular space Q, a raceway sur- 
face la of the inner ring 1, and a raceway surface 2a of 

25 the outer ring 2) . The battery 6 also has an arcuate shape 



in which the diameter Is substantially equal to that of the 
above-mentioned arc. 

The unit body 7 comprising the battery 6, the pump 10, 
and the like which have an arcuate shape is coupled and 
5 placed in a ring-like shape, and set to be detachable. For 
example, the unit body is detachably attached to an inner 
side face of one of the seal rings 5. Alternatively, the 
unit body may be fixed to a ring-like plate member (not 
shown) other than the seal ring 5, and the plate member is 

10 detachably attached to an outer circumferential face of the 
inner ring 1 or an inner circumferential face of the outer 
ring 2 serving as the rotating members, or to a side face 
of the seal ring 5 . 

As described above, the unit body 7 is detachably at- 

15 tached. When the battery 6, the pump 10, or the like which 
constitutes the unit body 7 does not operate properly, 
therefore, it can be exchanged, or the battery 6 can be 
charged. When the lubricant storing tank 8 becomes enqpty, 
lubricant can be resupplied. 

20 Since the unit body 7 is formed into^ a ring-like shape 

having a diameter which is substantially equal to that of 
the ring-like rolling bearing, the whole bearing device to 
which the unit body is attached has a ring-like shape which 
is similar to the shape of the rolling bearing. Even in 

25 the case where the bearing is incorporated into a spindle 



- 20 - 

of a machine tool, or -the like, 1:here£ore, the bearing de- 
vice can be Incorporated by the same method and In the same 
space as those £or a prior art bearing. As the battery 6, 
In the case where the battery Is exchangeable, a primary 
5 battery may be used. Alternatively, a fuel cell may be 
used as described later. 

Fig. 8 shows a specific exeuaple In which. In the bear- 
ing device of the Invention having the above-described con- 
figuration, the battery 6 Is used as a driving source, and 

10 lubricant Is supplied from the lubricant storing tank 8 by 
means of the puinp 10 (micro pump 10) In directions to the 
rolling elements (balls) 3 between the opposed faces of the 
raceway m«nbers, the raceway surface la of the Inner ring 
1 , and the raceway surface 2a of the outer ring 2 . 

15 As the micro pump 10, a puxop of the diaphragm type Is 

preferably used because It has a simple structure. Namely, 
a diaphragm 12, a nozzle 10a for discharging lubricant, and 
a nozzle 10b for sucking lubrlcauit are disposed In a pump 
chamber 10c. For example, a piezoelectric element 11 Is 

20 attached to the diaphragm 12. The pump chamber 10c and the 
lubricant storing tank 8 are coupled so that their Interi- 
ors communicate with each other through the nozzle 10b for 
sucking lubricant. The circumference of the nozzle 10b for 
sucking lubricant Is sealed by a rubber tube 14. In order 

25 to prevent the lubricant from reversely flowing during the 



driving 'bime of tiie diaphragm 12, a check valve 15 is dis- 
posed in "the nozzle 10b for sucking liabrican'b. 

In IJie thus configured bearing device, when the lubri- 
cant is to be supplied to the rolling elements 3 disposed 
5 in the annular space Q between the inner ring 1 and the 
outer ring 2, the raceway surfaces la, 2a, or the like, the 
micro puxnp 10 is driven by the battery 6. Specifically, 
the diaphragm 12 is pulsated by utilizing the piezoelectric 
element 11, to discharge the lubricant from the nozzle 10a. 

10 In this case, the conditions of the bearing such as the 
internal teaxperature or the bearing rotational velocity may 
be detected by sensors, and a control circuit may be dis- 
posed between the battery 6 and the xoicro puasp 10, so that 
the supply amount of lubricant is adjusted in accordance 

15 with the conditions. 

In the above description, the pump 10 is a pump of the 
diaphragm type having a simple configuration for supplying 
lubricant to the annular space Q between the inner ring 1 
and the outer ring 2. Alternatively, various pumps such as 

20 a jet puinp, a vane pump, a screw pump, or a piezo pump may 
be used. In such cases also, the pump, the tank, and the 
battery have arcuate shapes having substantially the same 
diameter, and are coupled together to form one ring-like 
unit body. 

25 In place of the pvaop 10, various members which can be 
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driven by the battery 6 may be incorporated. For example, 
in addition to the above-mentioned (micro) puinp 10 for sup- 
plying lubricant, a microminiature cooling fan for cooling 
the inside of the bearing, an alaann for giving an alarm 
5 about an abnormal temperatures, a monitoring device for ex- 
cess and deficient states of the lubricant inside the bear- 
ing, and the like are considered. 

Next, the bearing device of the invention may comprise 
a sensor for detecting lubrication conditions of the annu- 

10 lar space Q between the raceway surfaces of the outer ring 
1 and the inner ring 2 • As the sensor , a thermocouple for 
detecting the temperature in the annular space Q such as 
the teinperature of the raceway surface may be attached to 
the vicinity of the raceway portion. Based on the level of 

15 the temperature, it is possible to determine whether the 
lubricant is excess or deficient. The detection output of 
the thermocouple is fed back to the control circuit, to 
control the amount of the lubricant discharged by the puinp 
so as to be increased or decreased. The control circuit 

20 can be disposed in an appropriate position of the outer 
circumferential face of the inner ring, the inner circum- 
ferential face of the outer ring, or the seal ring 5. 

As the sensor in such a case, in addition to the ther- 
mocouple for monitoring the temperature, sensors such as a 

25 pressure sensor, an optical sensor which detects suspended 



particles such as mis'b or dus'b, a vibra'bion sensor which 
senses vlbra'bxons caused by lubrication failure, and a sen- 
sor which senses AE (Acoustic Emission) generated in con- 
junction with a damage of bearing constituting members 
5 caused by lubrication failure are considered. The rela- 
tionships between the measured values of the sensors and 
the lubrication condition may be previously obtained, and 
the pump may be controlled as necessary. 

As described above, according to the bearing device of 

10 the invention, in the bearing comprising the inner ring 1 
and the outer ring 2 serving as ring- shape members, the 
rolling elements 3, the cage 4, and the seal rings 5, the 
unit body 7 including at least the battery 6, the pump 10, 
the lubricant storing tank 8, and the like is detachably 

15 attached to the vicinity of a shoulder portion of the outer 
circumferential face of the inner ring 1 or the inner 
circumferential face of the outer ring 2, or on the side 
face of the seal ring 5. That is, in the case where the 
inner ring 1 is to be rotated, the unit body 7 is detach- 

20 ably attached to the side of an end portion of the inner 
circumferential face of the outer ring 2 . In the case 
where the outer ring 2 is to be rotated, the unit body 7 is 
detachably attached to the side of an end portion of the 
outer circumferential face of the inner ring 1. Alterna- 

25 tively, the unit body may be detachably attached to the 



side face of 'the inner or outer circumference of "bhe seal 
ring 5. 

In some cases, the bat:tery 6 and "the lubricant: storing 
tank 8 may be attached to the outer side face of the seal 
5 ring 5, and the pump 10 may be attached to the inner side 
face of the seal ring 5. When the battery 6 and the lubri- 
cant storing tank 8 are attached to the outer side face of 
the seal ring 5 as described above, it is not required to 
detach the seal ring 5 when the lubricant is to be resup- 

10 plied. Accordingly, a work of charging a secondary bat- 
tery, exchanging a primary battery, or resupplying the lu- 
bricant is extremely easily conducted. 

Fig. 9 is a view showing a third enibodiment of the 
bearing device of the invention, and showing the configure- 

15 tion of the bearing device in which a fuel cell is used as 
one kind of the battery 6. In this case, for example, a 
methanol tank 13 for supplying hydrogen to the fuel cell 6 
is disposed in the unit body 7. 

In the three embodiments described above, the bearing 

20 device of the invention is a so-called bearing of the deep 
groove type configured by the inner ring 1, the outer ring 
2, and the rolling elements (balls) 3 held by the cage 4. 
The invention is not restricted to this, and may be applied 
to all types of bearings such as a bearing of the angular 

25 "bype, a cylindrical roller bearing, and a conical rolling 
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bearing . 

As a fuel source for the fuel cell 6 of the unit body 
7, methanol In the tank 13 Is used. It is a xaatter of 
course that hydrogen can be obtained by reforming a natural 
5 gas or a gasoline, in place of methanol. In this case, a 
corresponding fuel tcuik is used. Moreover, needless to 
say, a hydrogen fuel tank can be directly installed. 

In the above exanvples, the rolling bearing has been 
described. The invention can be applied also to other 
10 bearing devices such as a linear bearing in which a raceway 
member is linear, a ball screw, and a slide bearing. In 
such a case, the condition of the unit body may be appro- 
priately determined in accordance with the shape of the 
raceway member of the bearing device. 

15 

Industrial i^plicability 

As described above in detail, according to the inven- 
tion, the lubricant supply unit is additionally disposed 
for the bearing device, and hence it is possible to provide 

20 a fuel cell-mounted all-in-one bearing in which the lubri- 
cant supply unit can be easily mounted, and which is ex- 
tremely cdnpact and can operate for a long term. 

^foreover, the battery, the functioning element (pump) 
driven by the battery, the tank for storing lubricant, and 

25 the like may be formed as a unit body so as to be inte- 



grally a'b^ached t,o the bearing In a de'tachable manner. 

Particularly, in the case where a fuel cell is used as 
the driving source for the micro pump for supplying lubri- 
cant to the bearing, it is possible to use the fuel cell 
5 without exchange or charging, as compared with a primary 
battery or a secondary battery having the same size, in re- 
lation to the required electric power. Therefore, the 
driving time is long, and the lubricant can be automati- 
cally supplied for a long term, so that the bearing device 

10 is suitable for a "maintenance free" operation. Accord- 
ingly, the driving device is suitable also for a bearing 
for a spindle of a machine tool in which a slight amount of 
lubricant is sullied for a long term with a reduced number 
of maintenance works . 

15 The unit body itself can be made to be compact and 

slim, and it is possible to provide a bearing device which 
can be mounted on a smaller bearing, and in which lubricant 
can be automatically supplied for a long term. 

The lubricant supply unit body in the invention sup- 

20 plies lubricant to the bearing device as necessary. Conse- 
quently, there is not any waste such as that lubricant is 
supplied in an unnecessary occasion. Thus, it is possible 
to contribute to the long-term stabilization of the rolling 
property . 
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